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Originally designed and used as a
transportation and work vehicle

for inaccessible areas, the snowmo-
bile has become one of the most

popular winter recreation vehicles in
North America. In Manitoba it has
been estimated that one snowmobile
exists for every household.

Before 1990, a number of studies
indicated that the growing popularity
and use of the snowmobile was ac-
companied by an increase in the
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Introduction: According to the literature, the increased recreational use of the snowmobile has resulted
in an increasing number of musculoskeletal injuries. We wished to examine whether previously de-
scribed risk factors continue to be associated with snowmobile trauma and to identify previously unrec-
ognized risks and specific patterns of injury. Methods: We carried out a chart review of all snowmobile-
related injuries over a 10-year period at the Health Sciences Centre in Winnipeg, the only level 1 trauma
centre serving the Province of Manitoba, with particular attention to the risk factors of suboptimal light-
ing, excessive speed and alcohol consumption. Results: We identified 480 injuries in 294 patients, and
81 (27.6%) of these patients died. Collisions accounted for 72% of the injury mechanisms. Of the in-
juries sustained, 31% occurred on roads. Excessive speed was a risk factor in 54% of patients, suboptimal
lighting in 86% and a blood alcohol level greater than 0.08 in 70%. Musculoskeletal injuries accounted
for 57% of those recorded. There were also brachial plexus injuries (3%) and knee dislocations (2%). To
our knowledge, this is the largest study detailing injury associated with recreational use of snowmobiles
in Canada. Conclusions: Because snowmobile trauma is caused principally by human errors, it is poten-
tially preventable. Efforts aimed at prevention must focus on the driver, who controls the common risk
factors. The danger of snowmobiling while intoxicated must be emphasized. Trail-side monitoring is
likely to be ineffective, as the majority of accidents do not occur on designated snowmobile trails.

Introduction : Selon la littérature scientifique, l’utilisation accrue de la motoneige à des fins récréatives
a entraîné une augmentation du nombre de traumatismes musculosquelettiques. Nous voulions déter-
miner s’il y a toujours un lien entre des facteurs de risque déjà décrits et des traumatismes causés par la
motoneige, repérer des risques non reconnus auparavant et déterminer des tendances spécifiques des
traumatismes. Méthodes : Nous avons procédé à une étude des dossiers sur tous les traumatismes reliés
à la motoneige traités en 10 ans au Centre des sciences de la santé de Winnipeg, le seul centre de trau-
matologie de niveau 1 qui dessert la province du Manitoba. Nous avons accordé une attention parti-
culière aux facteurs de risque liés à l’éclairage réduit, à la vitesse excessive et à la consommation d’alcool.
Résultats : Nous avons repéré 480 traumatismes subis par 294 patients dont 81 (27,6 %) sont morts.
Les collisions ont causé 72 % des mécanismes traumatisants. Parmi les traumatismes subis, 31 % sont
survenus sur une route. La vitesse excessive a été un facteur de risque chez 54 % des patients. Dans 86 %
des cas, ce fut l’éclairage réduit et dans 70 % des cas, ce fut une alcoolémie de plus de 0,08. Les trauma-
tismes musculosquelettiques ont représenté 57 % des lésions consignées, qui comprenaient aussi des
traumatismes du plexus brachial (3 %) et des luxations du genou (2 %). Il s’agit sauf erreur de la plus im-
portante étude décrivant en détail les traumatismes associés à l’utilisation récréative de la motoneige au
Canada. Conclusions : Comme les traumatismes liés à la motoneige sont attribuables principalement à
l’erreur humaine, il est possible de les éviter. Les efforts de prévention doivent converger sur le conduc-
teur qui contrôle les facteurs de risque communs. Il faut insister sur le danger de la conduite d’une mo-
toneige en état d’ébriété. La surveillance sur la piste serait probablement inefficace, car la majorité des
accidents ne surviennent pas sur des pistes réservées aux motoneiges.
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number of injuries and deaths. Few
reports in the orthopedic literature
have examined risk factors leading to
snowmobile accidents. A number of
studies have suggested that alcohol
use, excessive speed and suboptimal
lighting are important risk factors.1–26

Small sample size and varied report-
ing techniques have led to conflict-
ing evidence of these risk factors. Es-
timates of alcohol use as a cause for
snowmobile-related injury vary from
13%4 to 80%.8 Therefore, we decided
to review our experience of injuries
associated with modern snowmobile
use, looking particularly at the risk
factors of alcohol consumption,
speed and suboptimal lighting.

Patients and methods

We carried out a chart review of all
patients with snowmobile-related in-
juries admitted to the Health Sci-
ences Centre Hospital in Winnipeg,
during the period Jan. 1, 1988, to
Dec. 31, 1997. The study popula-
tion included snowmobile drivers,
passengers, people riding on sleds
towed by snowmobiles and pedestri-
ans struck by machines.

Data recorded included age, sex,
race (Aboriginal or non-Aboriginal)
and residence (rural or urban). Care-
ful notation was made of associated
alcohol use (recorded in the medical
history, physician assessment or mea-
surement of a serum alcohol level
above the legal limit [0.08]). The
blood sample was obtained as part of
a routine trauma blood screening.
Alcohol use was also determined by
direct admission by the patient (2 or
more drinks within 4 h of operation
of the snowmobile) (17.6% of pa-
tients) or as noted by medical staff,
police or ambulance personnel.

Details of the accident setting, in-
cluding location, speed, time of day
and the mechanism of the accident
(e.g., rollover, collision, loss of con-
trol) were recorded. Speed at the
time of accident (61% of charts) was
obtained either from the patient’s es-
timated speed (51%), ambulance or

other witnesses (4%) or from police
reports (6%). When a collision was
found to be the mechanism, note was
made of the type of object involved.
Patient data included the position on
the snowmobile of the injured patient
(e.g., driver, passenger), site and type
of injury suffered, number of opera-
tive procedures and duration of hos-
pital stay. The data were entered into
an IBM personal computer for statis-
tical analysis using an SPSS software
package. Complete data sets were
available on 56% of the charts.

Results

Patient data 

The chart review identified 294 pa-
tients (260 men, 34 women) who
suffered 480 injuries due to snow-
mobile trauma. The mean age of the
patients was 29.1 years, and 62%
were aged between 19 and 25 years.
There were no children. One hundred
and seventy-nine patients (60.9%)
were Aboriginal and 115 (39.1%)
were non-Aboriginal. Only 41 pa-
tients (13.9%) lived in an urban set-
ting; 253 (86.0%) patients lived in a
rural setting.

Of the injured patients, 248
(84.4%) were drivers of a snowmo-
bile, with the remaining patients
consisting of 28 passengers (9.5%), 6
patients who were riding on sleds be-
ing pulled by a snowmobile (2.0%)
and 12 patients (4.1%) who were
pedestrians struck by a snowmobile.

Type of injury

Of the injuries sustained, 57% in-
volved the musculoskeletal system.
Other sites of injury were the chest
(17%), head (13%) and abdomen
(13%). More detailed analysis of the
musculoskeletal injuries revealed that
injuries around the knee were most
common, with femoral fractures
making up 17% and tibial fractures
29%. Spine, upper limb and pelvic in-
juries were also found (Table 1).
Within this group, there were a small

number of potentially catastrophic
and easily overlooked injuries. Three
percent of patients suffered brachial
plexus injuries, all from striking a sta-
tionary object such as a tree or pole
with the shoulder when the patient
was thrown free of the snowmobile
at high speed. Two percent of the
patients suffered knee dislocations,
including a concomitant vascular in-
jury in half of them.

On average, 1.6 operative proce-
dures (range from 0–12) were re-
quired for each patient, with 74% of
the patients requiring at least 1 oper-
ation.

Alcohol consumption

Alcohol use was associated with 88%
of injuries sustained by patients dur-
ing the 10-year study period. Of the
294 patients, 207 (70.4%) had a
blood alcohol level greater than
0.08.

Location

Analysis of the accident location re-
vealed that only 16% of accidents oc-
curred on groomed trails designed
for use by snowmobiles, and 31% of
injuries occurred when snowmobiles
were travelling on roads.

Speed

Excessive speed was common, with
82% of crashes occurring at speeds
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Table 1

Injuries Associated With
Recreational Snowmobile Use

Type/location of injury
Percent

of injuries

Head 13

Chest 17

Abdominal 13

Musculoskeletal 57

  Upper limb 18

  Tibia 29

  Femur 17

  Pelvis   8

  Spine 18

  Other 10



greater than 50 km/h. Of these, 38%
were travelling at speeds greater than
80 km/h and 16% at speeds greater
than 100 km/h.

Time of day

During the Manitoba winter, sunset
occurs between 1600 and 1700,
with sunrise between 0700 and
0830. Most commonly, trauma oc-
curred during hours of suboptimal
lighting (68%) or after midnight
(18%) (Table 2).

Mechanism

The most common mechanism of in-
jury was a collision (72%) followed by
loss of control of the snowmobile
(18%) or falling off the snowmobile
while it was moving (10%). Further
analysis of these collisions demon-
strated that almost one-third occurred
as a result of the snowmobile striking
a mound of snow, covered rock or
other type of “bump” (Table 3).

Discussion

This study represents the most cur-
rent analysis of trauma associated
with recreational snowmobile use.
Many of the risk factors identified 
in previous studies remain. Young
male drivers made up the majority 
of people injured in snowmobile
trauma.1,3,4,6–8,10,13,15,17,19,22,26–28

A factor that had not previously
been examined was the ethnic
makeup of injured snowmobile

trauma population. Our study re-
vealed a disproportionate number of
Aboriginal patients (60.9% in our
study population) who constitute
only 12% of the province’s popula-
tion (A. Smith: Vital Statistics and
Health Status Section, Health Divi-
sion, Statistics Canada, Ottawa: per-
sonal communication, 1999). This
may reflect a preferential referral
practice due to the designation of
our hospital as the province’s official
Native health centre. It may also be
an accurate reflection of the geo-
graphic distribution of snowmobile
use in Manitoba. The majority of
Aboriginal people in the province
live on reserves in the remote north-
ern areas in small isolated communi-
ties where the winter season is longer
than elsewhere. Our study is also the
first to report that the majority
(86.0%) of snowmobile accident vic-
tims live in rural rather than urban
settings, which most likely reflects
the geographic distribution of snow-
mobile use.

This study further documented
the prevalence of alcohol consump-
tion in association with snowmobile
accidents. In our series, 88% of pa-
tients involved in snowmobile acci-
dents had consumed alcohol before
the accident. This is the highest rate
of alcohol use reported in the litera-
ture.4,8,17,20,21,24 Previous studies have
reported rates of alcohol use ranging
from 5.4% in a study involving the
British Antarctic Survey team mem-
bers25 and 12.5% in a North Dakota

study21 to 69% in an Ontario study22

and 80% in northern Sweden.8 De-
spite warnings regarding the risk of
alcohol consumption and snowmo-
bile accidents, alcohol continues to
be an important risk factor.

Suboptimal lighting8,16,20,21 contin-
ues to play a significant role in mod-
ern snowmobile trauma. With only
12% of accidents occurring during
daylight hours, it seems clear that
driving in darkness poses a serious
hazard. Previous studies have impli-
cated high speed as a significant risk
factor for injury.15,16,21,23,24 Despite the
manufacturer’s recommended maxi-
mum night time speed of 50 km/h,
82% of snowmobiles were travelling
faster that 50 km/h at the time of
injury. The majority of drivers in our
study were travelling in the dark at a
speed that “overdrove” the head-
lights, preventing them from react-
ing in time.

A number of studies have re-
ported that collisions were the most
common mechanism of in-
jury,4,10,16,21,23 but few recorded the na-
ture of the collision. We found that
naturally occurring “bumps” in the
snow, such as snow drifts and cov-
ered rocks, were the most commonly
struck objects. This would correlate
with night driving conditions where
undulations in the snow are more
difficult to see than in daylight. Only
one study noted collisions between 2
or more snowmobiles and reported
the frequency of this type of collision
to be only 6% of the total mecha-
nism.21 In our study, 18% of colli-
sions (13% of the total trauma) re-
sulted from snowmobiles colliding
with one another. This may reflect
the fact that snowmobiling is largely
a recreational sport and is frequently
performed in groups of persons rid-
ing in close proximity. We found a
1% incidence of mechanical failure,
which agrees with the findings of
previous studies10,16,21,23 demonstrating
that snowmobiles are sound, reliable
machines and that breakdown is not
a major risk factor for injury. Hu-
man, not mechanical factors, are the
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Table 2

Time of Day When Recreational
Snowmobile Trauma Occurred
(n = 294)

Time of day
No. (and %)
of patients

Daytime   36 (12)

Evening to midnight* 200 (68)

After midnight†   53 (18)

Unknown   5 (2)

*1600–2359
†2400–0800

Table 3

Mechanism of Recreational
Snowmobile injury (n = 213)

Mechanism
No. (and %)
of patients

Collision 154 (72)

  Another snowmobile   39 (18)

  Tree   35 (16)

  Car   35 (16)

  Fence post   33 (15)

  Pedestrian 12 (6)

Loss of control   38 (18)

Fall from snowmobile   21 (10)



cause of virtually all modern snow-
mobile injuries.

In our study, 16% of collisions in-
volved a snowmobile striking a mov-
ing or parked car. No previous study
has considered this factor. Further-
more, 31% of injuries occurred on
roadways where it is illegal for snow-
mobiles to travel in Manitoba, except
at marked crossings. Only 16% of
trauma occurred on marked snow-
mobile trails, which may indicate
that such areas are safer. However, it
may also reflect the fact that drivers
who are more likely to have accidents
seek the thrill of unmarked terrain
and roads rather than the less chal-
lenging prepared trails. This is an 
important observation if accident
prevention strategies are to be imple-
mented. It is clear that any type of
trail-side monitoring to prevent
speeding or to check for an intoxi-
cated driver would miss most drivers
who are involved in accidents. Our
rate of pedestrian injury by snowmo-
bile (4% of all patients) was identical
to the rate found in the only other
study to examine this phenomenon.21

Of note is that virtually all of these
caused severe injuries of the lower
extremity and all involved intoxi-
cated drivers.

The types of injury suffered in
snowmobile crashes in our study
were consistent with the findings of
previous reports.4,10,13,16,23 Muscu-
loskeletal injury accounted for 57% of
the systems injured, with fractures
and dislocations occurring in the ma-
jority of cases. The lower extremity is
almost completely exposed while a
person is riding on a snowmobile and
is not prevented from striking the
ground except by the driver holding
the feet on foot rests. The lower limb
is also exposed in collisions, as it is
the most lateral structure on the sled
if it is struck from the side.

We found that 18% of muscu-
loskeletal injuries involved fractures
of the spine with approximately half
of these resulting in some degree of
neurologic impairment. Earlier re-
ports indicated that spinal trauma

was far more common9,18 in contrast
to more recent reports that have
shown spinal injury to be much less
common, consistent with our
data.6,13,27 This may be the result of
improvement in seat cushioning and
shock absorbers on modern snow-
mobiles.

Injuries to the brachial plexus are
devastating and rare, but easily over-
looked in the acute trauma setting.
Brachial plexus injuries occurred in
3% of our patients. All involved pa-
tients who were ejected from the ma-
chine at high speed, striking a station-
ary object with the shoulder. All were
intoxicated. The literature contains a
single report that examines brachial
plexus injury in snowmobile accidents
and identifies the same risk factors.29

Knee dislocations occurred in 2% of
our cases, all with vascular compro-
mise. These patients often arrive fully
clothed in snowmobile suits, and
acute awareness is necessary to iden-
tify brachial plexus injuries and associ-
ated knee dislocation.

In our study 74% of patients re-
quired at least 1 operative procedure.
This is in contrast to the only other
study to examine this parameter. It
found that less than half of the pa-
tients required an operation.4

Previously identified risk factors
such as excessive speed, suboptimal
light and alcohol consumption con-
tinue to be associated with snowmo-
bile-related crash injury. A police sur-
veillance program in Ontario, which
involved stopping snowmobiles on
trails, appears to have decreased the
injury and death rate among snow-
mobilers.30 However, the limitation
of a trail-based monitoring system is
obvious in our study where the ma-
jority of accidents occurred away
from designated snowmobile trails.

Conclusions

The recreational use of snowmo-
biles remains a significant cause of 
serious injury. Such trauma is caused
by human factors and is therefore
potentially preventable. Our research

has confirmed that the previously de-
scribed risk factors of alcohol con-
sumption, excessive speed and poor
lighting are still important risk fac-
tors. We have identified for the first
time a major risk factor: riding on
roadways. Trail-site monitoring is
likely to be ineffective, as the major-
ity of accidents do not occur on des-
ignated snowmobile trails.
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Attention: Residents and surgical department chairs

Each year the Canadian Journal of Surgery offers a prize of $1000 for the best manuscript written by 
a Canadian resident or fellow from a specialty program who has not completed training or assumed a faculty
position. The prize-winning manuscript for the calendar year will be published in an early issue the follow-
ing year, and other submissions deemed suitable for publication may appear in a subsequent issue of the
Journal.

The resident should be the principal author of the manuscript, which should not have been submitted or
published elsewhere. It should be submitted to the Canadian Journal of Surgery not later than Oct. 1.

Send submissions to: Dr. J. P. Waddell, Coeditor, Canadian Journal of Surgery, Division of Orthopædic
Surgery, St. Michael’s Hospital, 30 Bond St., Toronto ON  M5B 1W8.

À l’attention des résidents et des directeurs des départements de chirurgie

Le Journal canadien de chirurgie offre chaque année un prix de 1000 $ pour le meilleur manuscrit rédigé par
un résident ou un fellow canadien d’un programme de spécialité qui n’a pas terminé sa formation ou n’a
pas accepté de poste d’enseignant. Le manuscrit primé au cours d’une année civile sera publié dans un des
premiers numéros de l’année suivante et les autres manuscrits jugés publiables pourront paraître dans un
numéro ultérieur du Journal.

Le résident devrait être le principal auteur du manuscrit, qui ne doit pas avoir été présenté ou publié
ailleurs. Il faut le soumettre au Journal canadien de chirurgie au plus tard le 1er octobre, à l’attention du
Dr J.P. Waddell, corédacteur, Journal canadien de chirurgie, Division of Orthopædic Surgery, St. Michael’s
Hospital, 30 Bond St., Toronto (Ontario)  MTB 1W8.
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